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[57] ABSTRACT

An evacuation apparatus and method using a turbomo-
lecular pump having a rotor provided with a plurality
of rotor blades and a spacer provided with a plurality of
stator blades so that gas molecules are sucked in from a
suction port, compressed and discharged from an ex-
haust port of the turbomolecular pump is disclosed. A
heat exchanger is provided at the suction port side of
the turbomolecular pump to freeze-trap gas molecules
from being cooled by a helium refrigerator.

The gate valve is disposed upstream of the heat ex-
changer and is provided in a suction pipe which extends
between the vacuum vessel and the turbomolecular
pump. In exhausting the vacuum vessel, the gate valve
is opened and, in this state, the turbomolecular pump
and the helium refrigerator are run. During regenera-
tion, the gate valve is closed, the turbomolecular pump
is run, and the heat exchanger is heated by means of a
heater or by operation of the helium refrigator being
suspended, thereby sublimating molecules freeze-
trapped in the heat exchanger.

8 Claims, 5 Drawing Sheets
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EVACUATION APPARATUS AND EVACUATION

METHOD |

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an evacuation appa-
ratus for creating a vacuum and also to an evacuation

method which is carried out by operating an evacuation

apparatus.

2. Description of the Prior Art

A typical conventional turbomolecular pump will
first be explained with reference to FIG. 5.

A conventional turbomolecular pump, which is gen-
erally denoted by reference numeral 1, includes a motor
2, a motor shaft 3 for transmitting the rotational force
that is derived from the motor 2, a rotor 4 which is
secured to the motor shaft 3, a plurality of rotor blades
5 which are fixed to the rotor 4, a plurality of stator
blades 6 each disposed between a pair of adjacent rotor

blades 5, a spacer 7 having the stator blades 6 attached

thereto, a casing 10 which is provided with a suction
port 8 and an exhaust port 9, and a protective net 11 for
protecting the rotor and stator blades 5 and 6. In opera-
tion, the motor 2 1s driven to rotate the rotor blades S at
high speed in an atomosphere that has sufficient vacuum
present for a molecular flow to be available, thereby
sucking gas molecules from the suction port 8, com-
pressing the gas at a high compression ratio and moving
the gas toward the exhaust port 9, and thus producing a
high vacuum.

The above-described conventional turbomolecular
pump suffers, however, from the following problems.
Namely, the gas exhausting performance of the pump
depends on the molecular weight of the gas that 1s re-
moved thereby. When a gas having a low molecular
weight is required to be removed, the gas exhausting
performance is considerably lowered. The lower the
compression ratio, the lower the gas exhausting perfor-
mance. The blade speed ratio C as a parameter repre-
senting the compression ratio is expressed as follows:

C=V/Vm

~ (wherein V is the peripheral speed of the rotor blades
and Vm is the maximum probability speed of gas mole-

cules).

The maximum probability speed Vm of gas molecules

1s expressed as follows:

Vm=VQKT/M)

(wherein M is the molecular weight of the gas, K is
Boltzmann’s constant, and T is the absolute temperature
of the gas).

As will be clear from these expressions, the lower the
molecular weight M of the gas, the higher the maximum
probability speed Vm of the gas molecules and the
lower the blade speed ratio C. Therefore, when a gas
having a low molecular weight is required to be re-
moved, the gas exhausting performance 1s low. When
the gas exhausting performance is low, many problems
are likely to occur in the actual operation of the turbo-
molecular pump.

Among the problems associated with gases having
low molecular weights, the existence of water vapor, 1n
particular, adversely affects the gas exhausting perfor-
mance of the pump. In a system wherein a part of the
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system that is provided with a turbomolecular pump 1s
open to the atmosphere and air flows 1nto the system,
the greater part of the residual gas under a vacuum of
about 10—4 Torr to 10—19 Torr (10—4 mmHg to 10—10
mmHg) which 1s produced by the turbomolecular pump
i1s water vapor. The residual water vapor has adverse
effects on the degree of vacuum attained and the vac-
uum environment.

In a case employing a cryo-vacuum pump that em-
ploys a helium refrigerator and a heat exchanger which
provides ultra-low temperatures of from about 15° K. to
about 20° K., the gas exhausting characteristics with
regard to water vapor are improved and it is therefore
possible to a certain extent to overcome the above-
described problems. However, such a cryo-vacuum
pump involves the following problems:

(1) Since a refrigerator for ultra-low temperatures 1s
used, it takes a long time to start and suspend the
refrigerator.

(2) Since the pump 1s a capture type pump, le. It
freezes and traps most gas molecules, 1t must be
regenerated for a long period every time a prede-
termined load running i1s completed.

(3) Since the sublimation temperature differs depend-
ing upon the kind of gas molecules, various kinds of
gas molecules are separated from each other and
successively discharged from the pump at high
concentrations as the temperature of the heat ex-
changer rises during a regenerative operation, and
it is difficult to treat various kinds of gases which
are discharged separately. In particular, in semi-
conductor manufacturing processes, toxic, highly-
corrosive, explosive and combustible gases, for
example, monosilane (SiHj), hydrogen fluoride
(HF), etc., are used that are diluted with inert gases
such as nitrogen (N3), helium (He), etc., and 1t is
therefore extremely difficult to cope with the sepa-
rate discharge of these various kinds of gas.

SUMMARY OF THE INVENTION

In view of the above-described disadvantages of the
prior art, it is an object of the present invention to pro-
vide an evacuation apparatus which is capable of effec-
tively exhausting gases having low molecular weights,
particularly water vapor, and which can be easily re-
generated as well as being capable of operating on a
continuous basis.

It is another object of the present invention to pro-
vide a method which enables effecting such effective
exhausting and regenerating operations.

To these end, according to one of its aspects, the
present invention provides an evacuation apparatus
comprising: a turbomolecular pump having a rotor
provided with a plurality of rotor blades and a spacer
provided with a plurality of stator blades so that gas
molecules are sucked in from a suction port, com-
pressed and discharged from an exhaust port; a heat
exchanger provided at the suction port side of the tur-
bomolecular pump to freeze-trap gas molecules by
being cooled by a helium refrigerator; and a gate valve
provided on the upstream side of the heat exchanger.

According to another of its aspects, the present in-
vention provides an evacuation method for a vacuum
vessel which has a heat exchanger that 1s disposed be-
tween the vacuum vessel and a suction port of a turbo-
molecular pump to freeze-trap gas molecules by being
cooled by a helium refrigerator and a gate valve that 1s
disposed upstream of the heat exchanger and i1s pro-
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vided in a suction pipe which extends between the vac-
uum vessel and the suction port of the turbomolecular
pump, the method comprising: an exhaust step in which
the gate valve is opened and, in which the turbomolecu-
lar pump and the helium refrigerator are run; and a
regeneration step in which, with the gate valve closed,
the turbomolecular pump is run, and the heat exchanger
is heated with a heater or operation of the helium refrig-
erator is suspended, thereby sublimating molecules
freeze-trapped in the heat exchanger.

According to the evacuation apparatus of the present
invention, when an evacuation operation 1s to be con-
ducted, the gate valve that is provided at the upstream
side of the suction port is opened and the surface of the
heat exchanger is cooled by the helium refrigerator,
thereby enabling evacuation to be effectively carried
out by a combination of the evacuation that is effected
by the freeze-trapping of gas molecules and the evacua-
tion that is performed by the turbomolecular pump.

If evacuation is carried out by means of the turbomo-
lecular pump only, the residual gas in the vacuum vessel
contains a large amount of gases having low molecular
weights. In particular, when the system is repeatedly
evacuated and opened to the atmosphere, the greater
part of the residual gas after the evacuation 1s water
molecules. Accordingly, by freeze-trapping water moi-
ecules by means of the heat exchanger that is disposed
at the suction port side of the turbomolecular pump, the
gas exhausting performance of the pump is improved
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and it is therefore possible to produce a high vacuum of 30

good quality. A gas having a low molecular weight
which is not freeze-trapped, for example, hydrogen,
helium, etc., is also cooled by the heat exchanger and
therefore the gas temperature is lowered, which results
in a reduction in the speed of the gas molecules. Ac-
cordingly, the blade speed ratio C increases and the gas
exhausting performance of the turbomolecular pump is
improved. Thus, it is possible to eliminate the problems
associated with the conventional turbomolecular pump,
that is, the inferior performance for exhausting gases
having low molecular weights, particularly water va-
por.

After the gas exhausting operation has been con-
ducted for a predetermined period of time, it i1s neces-
sary to carry out a regenerative operation in which
water vapor which has been freeze-trapped in the heat
exchanger is sublimated and thereby released. Such a
regenerative operation can be effected by reducing the
pressure around the heat exchanger to a level lower
than the saturated vapor pressure of the freeze-trapped
molecules, with the gate valve being closed. In this
regenerative operation, operation of the helium refrig-
erator is suspended so as to allow the temperature of the
heat exchanger to rise. Alternatively, a heater may be
employed to raise the temperature of the heat ex-
changer. Since the turbomolecular pump is continu-
ously run even during the regenerative operation, the
regeneration can be positively effected.

Unlike the evacuation that is performed by a cryo-
vacuum pump alone, the evacuation process in the pres-
ent invention is carried out by means of a helium refrig-
erator in combination with a turbomolecular pump and
an exhaust operation can therefore be continuously
performed for a considerably long period of time. In
addition, it is possible to effect regeneration within a
short period of time, as stated above.

This regenerative operation can be conducted by the
use of the gate valve cut-off time during normal opera-
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‘tion of a turbomolecular pump in, for example, a semi-

conductor manufacturing process, and this makes 1t
possible to run the evacuation apparatus on a continu-
ous basis without requiring a specific time for regenera-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description of the preferred embodi-
ments thereof, taken in conjunction with the accompa-
nying drawings, in which like reference numerals de-
note like elements and, of which:

FIG. 1 is a schematic sectional view showing an
evacuation apparatus according to one embodiment of
the present invention;

FIG. 2 is an enlarged perspective view of a heat
exchanger;

FIGS. 3(a) and (b) are enlarged sectional view of an
attachment construction of a heat exchanger and a he-
ltum refrigerator;

FIG. 4 is a graph showing the relationship between
the temperature and the saturated vapor pressure; and

FIG. 5 is a sectional view of a conventional turbomo-

lecular pump.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

One embodiment of the present invention will be
described below with reference to the accompanying
drawings. However, the present invention is in no way
restricted by this embodiment.

One embodiment of the present invention will be
described below with reference to FIGS. 1 and 2.

FIG. 1 shows a vacuum vessel 21 and an evacuation
apparatus for evacuating it. A suction pipe 22 extends
between the vacuum vessel 21 and a suction port of a
turbomolecular pump 26. A heat exchanger 25 is pro-
vided in the suction pipe 22 on the suction port side of
a turbomolecular pump 26. The surface of the heat
exchanger 25 that is in contact with a cold head 31 of a
single-stage, GM (Gifford-McMahon) cycle helium
refrigerator 24 may be cooled to a temperature of
—100° C. to —200° C. A gate valve 23 is disposed up-

‘stream of the heat exchanger 25 within the suction pipe

22. A roughing pump 30 is connected through an ex-
haust pipe 29 to the exhaust port side of the turbomolec-
ular pump 26. A compressor unit 27 circulatorily
supplies compressed helium gas to the helium refrigera-
tor 24 through a helium gas pipe 28.

The helium refrigerator 24 is not two-stage, GM
cycle helium refrigerator, as employed in an ordinary
cryo-vacuum pump, but a small-sized, single-stage, GM
cycle helium refrigerator. The reason for this is to cool
the heat exchanger to a temperature of —100° C. to
—200° C. for the purpose of selectively freeze-trapping
water molecules, which cannot be efficiently exhausted
by the turbomolecular pump.

Since the heat exchanger 25 constitutes an exhaust
resistance to the turbomolecular pump 26, the configu-
ration of the heat exchanger 25 must be designed by
taking into consideration the flow of gas molecules
which are to be freeze-trapped. F1G. 2 shows in detail
one example of the heat exchanger.

The heat exchanger 25 comprises a plurality of cylin-
drical heat transfer members 254 concentrically dis-
posed and connected to each other by means of a plural-
ity of radial heat transfer plates 255. These heat transfer
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members 25a and the heat transfer plates 256 are dis-

posed parallel to the flows of gas molecules sucked 1n -

from said suction port minimizing the flow resistance.

FIGS. 3(a) and 3(b) show an attachment construction
of the heat exchanger 25 and the helium refrigerator 24.
In FIG. 3(a), the helium refrigerator 24 is horizontally
disposed and is attached to a flange 33 of the suction
pipe casing 34 through a gasket 35. The distal end of the
cold head 31 of the helium refrigerator 24 which 1is
horizontally disposed is fastened to the heat exchanger
25 by means of screws 36. In FIG. 3(5), the helium
refrigerator 24 is vertically disposed and 1s attached to
the casing 34 through an L-shaped flange 31'. The cold
head 31 which is vertically disposed 1s attached to the
heat exchanger 25 through a relatively long heat trans-
fer plate 37.

The operation of the evacuation apparatus shown in
FIG. 1 will next be explained. To carry out the exhaust
operation, the gate valve 23 is opened and the compres-
sor unit 27 is run to supply compressed helium gas to the
helium refrigerator 24. In addition, the turbomolecular
pump 26 is operated to suck in a gas through the suction
pipe 22. In consequence, water vapor contained in the
gas 1s freeze-trapped by the heat exchanger 235. As a
result, the gas exhausting efficiency increases, and it is
possible to obtain a high vacuum of good quality.

The surface temperature of the above-described heat
exchanger 25 needs to be set by taking into account the
degree of vacuum in the exhaust system and the constit-
uents of a gas which is to be exhausted. For example,
the surface temperature of the heat exchanger 2§ for
freeze-trapping water molecules must be set at —90° C.
or lower when the pressure inside the vacuum vessel 21
is 10—4 Torr, and at — 130° C. or lower when the vac-
uum vessel pressure is 10—8 Torr. However, the surface
temperature also depends on the configuration of the

exhaust pipe sysiem of the apparatus and the exhaust

speed. This is due to the relationship between the sur-
face temperature of the heat exchanger and the satu-
rated vapor pressure of water molecules. The relation-
ship therebetween is shown by a graph in FIG. 4, which
shows a saturated vapor pressure curve of water vapor,
with the temperature (°C.) plotted along the axis of
abscissas and the saturated vapor pressure (Torr) along
the axis of ordinates.

Incidentally, gas molecules (hydrogen, helium, etc.)
having low molecular weights, exclusive of water va-
por, are not freeze-trapped, but the gas temperature is
lowered through collision or contact of these gas mole-
cules with the heat exchanger 285, so that the blade speed
ratio increases and thus the gas exhausting performance
1s improved.

Next, to regenerate the heat exchanger having gas
molecules freeze-trapped therein, the gate valve 23 1s
closed to check the inflow of gas molecules from the
vacuum vesse! 21, and in this state, the pressure in the
suction pipe 22 is lowered by the evacuating action of
the turbomolecular pump 26, thereby enabling the
freeze-trapped molecules to be sublimated, (i.e., regen-
eration) on the basis of the relationship between the
pressure inside the suction pipe and the saturated vapor
pressure.

For example, suppose the temperature in the suction
pipe 22 is — 120° C. and the water vapor pressure in the
suction pipe before closing the gate valve 23 is 6 X 10—¢
Torr (point A in FIG. 4). In this state, if the gate valve
23 is closed and the exhaust operation is continued, the
water vapor pressure in the suction pipe 22 would be
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6 |
reduced to about 1X10-8 Torr (point B in FIG. 4).
Thus, the water vapor freeze-trapped on the heat ex-
changer 25 1s sublimated and discharged by the action
of turbomolecular pump 26 to provide a regenerative
operation.

Such a regenerative operation does not require the
refrigerator 24 to be switched over between the refrig-
erating mode and the defrost mode, as is required in the
conventional turbomolecular pump. Thus, it 1s possible
to operate the turbomolecular pump on a continuous
basis. Actually, the regeneration is performed by sus-
pending the helium refrigerator 24 so as to allow the
heat exchanger 25 to rise in temperature, or alterna-
tively by raising the temperature of the heat exchanger
25 by means of the heater 32. It 1s also possible to per-
form the regeneration by suspending the turbomolecu-
lar pump 26 and operating the heater 32, with the
roughing pump 30 alone being run.

By these arrangements of the invention, the following
advantageous effects could be obtained.

(1) The exhaust speed is increased.

(2) The exhaust speed of gases having low molecular
weights, particularly water molecules, is substan-
tially increased.

(3) The exhaust operation can be continuously per-
formed for a long period of time.

(4) The time required for regeneration 1s short.

(5) The configuration and heating area of the heat
exchanger can be selected on the basis of the con-
stifuents of a gas which i1s to be exhausted and the
exhaust time.

What is claimed is: |

1. An evacuation apparatus operatively connectable
to a vacuum vessel to be evacuated, said apparatus
comprising:

a turbomolecular pump having a rotor provided with

a plurality of rotor blades and a spacer provided
with a plurality of stator blades, said turbomolecu-
lar pump operating so that gas molecules are
sucked in from a suction port, compressed and
discharged from an exhaust port;

a heat exchanger operatively connected to said suc-
tion port of said turbomolecular pump for freeze-
trapping gas molecules in said heat exchanger;

a helium refrigerator connected to said heat ex-
changer for cooling said heat exchanger to a tem-
perature of —100° C.;

a gate valve operatively connected at an upstream
side of said heat exchanger for controlling inflow
of the gas molecules from said vacuum vessel 1nto
said heat exchanger.

2. An evacuation apparatus claimed in claim 1,

wherein

the suction port of satd turbomolecular pump is con-
nected to the vacuum vessel to be evacuated
through a suction pipe, and said heat exchanger 1s
located in said suction pipe.

3. An evacuation apparatus claimed in claim 2,
wherein said gate valve is disposed in said suction pipe
on the upper stream side of said heat exchanger.

4. An evacuation apparatus claimed in claim 3,
wherein said helium refrigerator is horizontally or verti-
cally supported on a housing of said suction pipe, and
said heat exchanger is connected to a distal end of a cold
head of said helium refrigerator.

5. An evacuation apparatus claimed in any one of
claims 1 to 4, wherein
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said heat exchanger comprises a plurality of cylindri-
cal heat transfer members concentrically disposed
and connected to each other by a plurality of radial
heat transfer plates, said heat transfer members and

heat transfer plates being disposed parallel to a 5

flow of the gas molecules sucked in by said turbo-
molecular pump.

6. An evacuation apparatus claimed in any one of

claims 1 to 4, wherein said helium refrigerator is a sin-
gle-stage GM cycle helium refrigerator.

7. An evacuation method for a vacuum vessel which
has a heat exchanger that is disposed between said vac-
uum vessel and a suction port of a turbomolecular pump
to freeze-trap gas molecules by being cooled by a he-
lium refrigerator connected to said heat exchanger, and
a gate valve that is disposed upstream of said heat ex-
changer and provided in a suction pipe which extends
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between said vacuum vessel and said suction port of
said turbomolecular pump, said method comprising:
exhausting said vacuum vessel by opening said gate
valve, and operating said turbomolecular pumg
and said helium refrigerator; and

regenerating said heat exchanger by closing said gate

valve, and heating said heat exchanger through the
use of a heater or the suspension of operation of
said helium refrigerator such that gas molecules
freeze-trapped in said heat exchanger are subli-
mated.

8. An evacuation method claimed in claim 7, wherein
during said regenerating, said turbomolecular pump is
not operated and

a roughing pump provided on an exhaust port side of

“said turbomolecular pump is operated.
* ¥ *¥x %k ¥
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